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’ o, MThis work is a continuation of studies of fundamental aspects of the dynamics

/ ! of chemical and physical processes on surfaces. The use of pulsed molecular
_‘-ﬂ beams and pulsed laser energy beams to initiate and probe energy exchange
— and chemical reactions that occur between gases and metal surfaces has been
b made in experimental studies. The product species and translaticnal
P kinetic ener.-gies are determined with the aid of a mass spectrometer capable
- of determining the time of arrival of these spacies. These studies are —]
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(continued)

\\Eﬁrelevant to the effects of high power laser beams on surfaces; Studies

included the following gases: N3, 03, CO, H), Ar, He, Ne, Xe, and the
following surfaces W, Pt, Pt(111%. | _
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A. RESEARCH OBJECTIVES | |

This is a study of specialized aspects of fundamental processes of

gas-surface dynamics. The studies include a range of absorbate-sub-
strate chemical and physical combinations. Particular emphasis is
dtrected toward understanding the processes of desorption at especially
high rates, even though the experiments are conducted under ultra-high

vacuum conditions. An important technique under development is the

PR .
P PO

extmly.rapid'temerature jump introduced by.laser radiation heating

a metallic substrate. The ensuing temperature ramp serves as a shutter
for observing the velocity distribution by time-of-flight methods of
the desorbing sbecies. Further studies of gas-surface dynamics are
conducted with the aid of a doubly differentially pumped rotatable

mass spectrometer detector and highly differentially pumped supersonic
and thermal dosing beams. These studies are relevant to effects of

high power laser beams on surfaces, in particular the initial products
of such situations. The instrumentation and techniques developed here
may prove useful diagnostics to understand the causes of susceptibility

to laser damage and remedies for it. The studies give fundamental

information on processes and reactions that occur at high speeds and
high temperatures involving gases and solids. These include evapora-
tion, chemical reactions, and energy exchange. Related studies have

included measurement of the velocity and angular distributions of atoms

and molecules involved in physical and chemical gas-surface-processes,
in which the initiation and control comes from high speed mechanical
chopping of molecular beams. These studies are complementary to the
laser studies because they give a more complete picture of a particular

process.
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RESULTS

The final results are expected in detail in the 12 publications in
print and 5 manuscripts in preparation. However it is worthwhile
to highlight the findings here.

(1) The apparatus for the investigation of gas-surface dynamics
was entirely completed and worked up to expectations.

(2) Two studies were performed using gas-surface laser desorp-
tion, an-earliér one desorbing H2 from W, and-a later one, with the
improved laser, desorbing H, from Pt(111). The later Pt studies have
extended our knowledge of the phenomena of H2 desorption from Pt to
such a high temperature and surface coverage that a much more reliable
measure of the activation energy of desorption and the pre-exponential
frequency factor of this process was determined than could otherwise
be obtained under the controlled conditions of UHV, single crystal
surface.

(3) The accommodation processes of noble gases and unreacted
molecules such as 02 and N, on clean metal surfaces were shown to
involve accoomodation coefficients that are independent of beam
energy and surface temperature over wide ranges. The nature of the
direct inelastic scattering channel was determined. The values of
these translational accommadation coefficients have been measured,
and they have been the subject of considerable theoretical modeling
of gas-surface energy exchange, stimulated by the accurate and compre-
hensive measurements that have been reported by this laboratory.

(4) The study of the oxidation of CO on Pt(111) has revealed
that this mechanism involves an activated complex whose energy of

activation appears in the transliational energy of the products.
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(5) Rich patterns of diffraction of He from H on Pt(111) have determined
the exact geometry of the H ovérlayer on Pt(111). The H s bound in
the 3-fold site on the Pt(111) in a single domain., The amplitude of
the repulsion potential of this surface has been determined by modeling

the He scattering with a 2-dimensional repulsion wall model.

(6) The nature of the mechanisms of surface reaction of 02 and N, on W 7
were determined by analysis of the energy and_angle of the unreacted
0z and N2 molecules. t)2 reacts via direct chemisorption, while N2
reacts via a molecular precursor mechanism. The efficiency of which
diminishes as the surface temperature is raised through re-evaporation

and direct inelastic scattering of the Nz.
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